The nuclear force Reid93 is from V.G.J. Stoks et al., PRC49, 2950 (1994 .
AV16 is from R.B.Wiringa et al., PRC51, 38 (1995) .
Nuclear force serves as one of the most important building block in nuclear physics.
long distance (r > 2fm) OPEP（one pion exchange） [H.Yukawa (1935) ] medium distance (1fm < r < 2fm) multi pion and heavier meson exchanges ("σ", ρ, ω,. .) The attractive pocket is responsible for bound nuclei. short distance (r < 1fm)
Strong repulsive core [R.Jastrow (1951) ] The repulsive core plays an important role for Since nucleons overlap with each other in this region, one expects it to reflect internal structure of nucleon in terms of quark and gluon degrees of freedom ⇒ Lattice QCD first principle approach to the nuclear force 
Advantage：
Since our potential is constructed from wave function, it is expected to become faithful to the NN scattering data in the near future.
S. Aoki et al.(CP-PACS Collab.) , Phys. Rev. D71,094504(2005) . extention BS wave function Quantum mechanical NN wave function is an approximate concept in QCD.
The object, which provides the closest concept is equal-time Bethe-Salpeter(BS) wave function amplitude to find proton-like three quarks at x and neutron-like three quarks at y. asymptotic behavior in large |x-y| it satisfies Schrodinger-like equation.
equal-time BS wave function is obtained from 4 point correlator of nucleons at large t region. 
J P =1 + :
Contributions from V T and V LS survives.
V T generates a coupling between s-wave and d-wave
As the first step, we repeat the same procedure as J P =0 + by neglecting V T and V LS .
What is obtained in this procedure is "effective central potential" ="central potential, which reproduce exact 3 S 1 W.F.".
We restrict ourselves to the strictly local contribution.
Schrodinger eq for J P =1 + becomes.
By solving this coupled equation, we obtain V C and V T .
J P =0 + :
Contributions from V T and V LS vanish.
Schrodinger eq. is arranged as
Potentials from BS wave function
Derivative expansion after imposing constraints from various symmetry: Tensor force from quenched lattice QCD Tensor force from quenched lattice QCD
BS wave function

NN potentials
In this talk, we use M=0 wave function. V T and V C are obtained by using spin component of these equations.
Tensor force is imporant for the statility of heavy nuclei together with the repulsive core.
Tensor force plays an important role in nuclear structures.
Empirical determination of tensor force is known to involve large uncertainties especially at short distance due to the centrifugal barrier.
This method can be easily extended to LS force. A remarkable difference is the strength of the repulsive core:
Reason is currently under investigation. We need much more statistics.
A remarkable difference is the strength of the repulsive core:
Reason is currently under investigation. For fixed x, effective mass plot of t-dependence of nucleon four point correlator is ploted.
Since
These effective mass have plateaux at E=E 0 for all x. (Each plateau may start at different t.)
For 1 S 0 , we need more statistics to determine the stable plateaux.
For 3 S 1 , plateaux appear at t=6, beyond which the ground state saturation is expected.
Summary
We have extended our method of calculating (effective) central NN potential to tensor force.
Preliminary results are presented.
The strength of tensor force is enhanced in the light quark mass region, which suggests the importance of lattice QCD calculation with light quark mass.
We have presented preliminary results of (effective) central NN potentials from full QCD by using 2+1 flavor gauge configurations generated by PACS-CS collaboration.
A remarkable difference was found that the strength of repulsive core is considerably larger than the quenched calculations. The reason for this is currently under investigation. 
